Abstract To assess feasibility of primary closure following laparoscopic common bile duct reexploration for the patients who underwent prior biliary operation, we retrospectively studied 50 patients with recurrent or residual common bile duct (CBD) stones who underwent laparoscopic biliary reoperation between June 2008 and June 2013. Endoscopic sphincterotomy (EST) was treated for all these patients and validated failed. They were divided into two groups. Primary closure following laparoscopic common bile duct exploration (LCBDE) was performed in 25 cases (group A); LCBDE plus T-tube drainage was performed in others (group B). The items of operation were compared. The duration of the operation in group A was shorter than that in group B (141 ± 85 vs 158 ± 71 min, p < 0.05), as was postoperative hospital stay (16 ± 2.3 vs 23 ± 2.3 h, p < 0.05) and the times of postoperative gastrointestinal function recovery (16 ± 2.3 vs 23 ± 2.3 h, p < 0.05). Just one duodenum was damaged in group B. Postoperative clinically significant bile leakage occurred in two patients in group A and one case in group B. The median follow-up was 18 months. No postoperative pancreatitis, postoperative bleeding, bile peritonitis after T-tube removal, stricture of bile duct, and death occurred in the two groups. Just two cases in group B were verified residual stones after 1 month. Primary closure following laparoscopic common bile duct reexploration for the patients who underwent prior biliary operation appears to be a minimally invasive, safe, feasible, and effective procedure when done by expert laparoscopic surgeons.
Introduction
In the last two decades, laparoscopic surgery was contraindicated for patients undergone any prior abdominal surgery, especially, biliary surgery. But with the development of laparoscopic equipment and technique involving intracorporeal suturing, it has been possible to extend the advantage of minimal access surgery to patients with prior operations. Chiappetta et al. reported laparoscopic bile duct reexploration for retained bile duct stones is safe, with minimal morbidity, and a high success rate in duct clearance [1] . The same result also reported from China, laparoscopic biliary tract reoperation has a reasonable operating time, low conversion rate, low intraoperative and postoperative complication rate, and short postoperative hospital stay. Especially, it is a first choice of treatment for patients who have failed in endoscopic sphincterotomy (EST) [2] . Based on the experiences with over 360 laparoscopic common bile duct explorations (LCBDE), in particular with 120 primary closures, we have attempted laparoscopic biliary tract reoperation for patients with residual or recurrent common bile duct (CBD) stones after prior biliary operation including laparoscopic cholecystectomy (LC), open cholecystectomy (OC), LCBDE, and open common bile duct exploration (OCBDE) [3] . The aim of this study was to assess the feasibility, efficacy, safety, and patients' short-term outcomes after laparoscopic primary closure of the CBD compared with T-tube drainage.
Materials and Methods

Patients and Methods
This study was a retrospective analysis carried out between June 2008 and June 2013. It was approved by the Ethics Committee of the Affiliated Yixing Hospital of Jiangsu University (Yixing, China) and written informed consent was obtained from each of the participants. A total of 50 patients underwent prior biliary surgery with recurrent or residual choledocholithiasis were divided into two groups and each group consisted of 25 patients. All these patients suffered from the cholecystolithiasis or choledocholith and underwent prior biliary operation (LC/OC/LCBDE/OCBDE). And EST was treated for all these patients and validated failed. Thus, primary closure (group A) and T-tube drainage (group B) following laparoscopic common bile duct reexploration performed were performed. We excluded the patients with intrahepatic bile duct stones or extrahepatic bile duct stricture. For the patients suffered from multiple biliary tract surgery, another OCBDE, or choledochojejunostomy was chosen. The inclusion and exclusion criteria were created, as shown in Table 1 . All procedures were performed by the same consultant surgeon. The clinical demographic details and the biochemical findings are shown in Table 2 . There were no significant differences between two groups.
Operative Technique
Laparoscopic common bile duct reexploration was performed using a standard four-port technique. We used a 30 videolaparoscope (Stryker, Kalamazoo, MI, USA) placed through a 10-mm umbilical port. A 10-mm port was placed in the subxiphisternum and two 5 mm ports in the right abdomen. The 10-mm port subxiphisternum was used to accommodate the operating choledochoscope (Olympus, Tokyo, Japan). If the previous scar was near from the umbilicus (about 3 cm), the open (Hasson) technique was used to establish pneumoperitoneum. Adhesions under the umbilical incision were dissected using blunt dissection. To approach the hepaticduodenal ligament, we also recommend the following as this procedure: freed the lateral parietes and then began dissection on the right side along the lateral inferior border of the liver, dissecting the adhesions on the right side of hepatic round ligament down to the hepatic-duodenal ligament. After dissected adhesions around the middle CBD, touching the stones or needle aspiration of bile from the duct were used to identify the CBD (Fig. 1 ). And then a longitudinal supraduodenal choledochotomy was undertaken using microscissors. Next, a 5-mm fiberoptic choledochoscope was inserted through the 10-mm port subxiphisternum to check the biliary duct and remove the stones by wire basket. Sometimes, in order to confirm the stone clearance, holmium laser was adopted to break the stones through the choledochoscope. Then, the fragments were retrieved with a basket or flushed out through the papilla under direct vision.
After all stones were retrieved and clearance of the intrahepatic/extrahepatic bile duct was confirmed by choledochoscopy, the choledochotomy was closed with interrupted 4/0 Vicryl sutures (Johnson&Johnson, New Brunswick, NJ, USA) in group A. For patients in whom we used T-tube drainage (group B), the T-tube was placed in the choledochotomy and secured with the same sutures. A suction drain tube was placed in the subhepatic space near the CBD incision in all patients. The T-tube was then led outside the body from the right upper quadrant in group B (Fig. 2 ). It was ligated 2 weeks after the operation and removed 4-6 weeks later after the routine tubogram and choledochoscopy at the outpatient department (OPD).
Follow-up
All patients were routinely assessed for complications at least 6 w eek s after discha rge or T-tub e remova l. BUltrasonography (US) examination and liver function tests (LFTs) were performed in every patient. The median followup was 18 months.
Statistical Analysis
Statistical analysis was performed using the SPSS 16.0 software (SPSS, Chicago, IL, USA). Variables were considered statistically significant with p < 0.05.
Results
In the past 5 years, we performed 50 relaparoscopic explorations of the CBD and there was no perioperative death. Demographic and clinical characteristics did not differ significantly between study groups ( Table 2 ). The mean operating time was shorter in group A (141 ± 85 min) than in group B (158 ± 71 min) (p < 0.05). -5) which is placed in the subhepatic space drainage unobstructed, using broad-spectrum antibiotic and providing nutrition support, these three patients were recovered within 7 to 10 days without reoperation. Just one patient's duodenum was damaged in group B and was repaired by laparoscope. No postoperative pancreatitis, postoperative bleeding, bile peritonitis after T-tube removal, stricture of bile duct, and death occurred in the two groups during the mean follow-up of 18 months. Only two people in the group B found residual stones after one month, and suffered from two to three times stone removals by choledochoscope through the sinus tract of the T-tube. The postoperative clinical variables of the patients are shown in Table 3 .
Discussion
Choledocholithiasis develops in about 5-15 % of patients with gallbladder stones and is the second most frequent complication of cholecystolithiasis [4] . Especially, primary CBD Fig. 2 Fiberoptic choledochoscope was inserted to check the biliary duct from the 10-mm port subxiphisternum (a). And then the stones were removed by wire basket (b). The Ttube was placed in the choledochotomy and interrupted sutured with 4/0 Vicryl sutures (c), and then, effective drainage tubes were put in subhepatic suction. For patients in group A, after ensured all CBD stones are retrieved, primary closure was performed (d) stones, which are more common in East Asia, are brownpigmented and are formed in the bile duct as a consequence of bile stasis and infections [5] . These patients often suffered from obstructive jaundice, cholangitis, or pancreatitis, sometimes even death. It has been proven that if the recurrent stones cause symptoms or in the presence of certain risk factors, they should be removed [6] . During an era of LC, the management of CBD stones especially recurrent stones remain controversial. With the development of equipments and technique, surgeons have more options for the treatment of choledocholithiasis, including OCBDE, EST, and LCBDE. EST is considered the procedure of choice for patients with retained or recurrent stones, and should be attempted before pursuing biliary tract reoperation. However, EST has many contraindications, such as number of stones, presence of tortuous ducts, or presence of periampullary duodenal diverticula, and varies depending on institutional and individual techniques and experiences. Especially, EST disturbed the anatomy of the sphincter of Oddi which has been postulated to cause stasis of bile and recurrent stone formation [7] . With the emphasis on the sphincter of Oddi, more and more scholars performed surgery approaches.
With the development of a minimally invasive concept, the health attention of the people and together with the advances in laparoscopic instrumentation and skills, increasingly recurrent or retained CBD stones can be treated by laparoscopic surgery. Over these years, randomized controlled trials showed superior outcome with LCBDE compared with endoscopic or OCBDE treatment for CBD stones. It is associated with a high stone clearance rate ranging from 84-97 %, a postoperative morbidity rate of 4-16 %, and a mortality rate of approximately 0-0.8 % [8, 9] .
Of the 50 cases in our study, there was no perioperative death. Just one duodenum was damaged in group B and was repaired by laparoscope. No postoperative pancreatitis, postoperative bleeding, bile peritonitis after T-tube removal, stricture of bile duct, and death occurred in the two groups during the mean follow-up of 18 months. We encountered three clinically significant bile leakages. All of the three patients were treated by drainage and recovered without reoperation. Just only two cases in group B were verified residual stones after 1 month, and suffered from two to three times removing stones by choledochoscope through the sinus tract of the T tube. The incidence of nonfatal postoperative complications was 10 % (5/50, a patient with concomitant postoperative residual stones and bile leakage) and showed a decreasing trend with the increasing experience. There were four such complications in the first 15 cases (27.7 %) compared with only one in the last 35 cases (2.9 %). This may be due to the preoperative patient optimization and meticulous operative technique used.
The results above proved that laparoscopic common bile duct reexploration is safe and feasible. In our last experience and some meta-analyses concluded that primary closure of the CBD was feasible and safe. Comparing primary closure with T-tube drainage during laparoscopic techniques showed a significant reduction in hospital stay and duration of operation with comparable complication rates [3, 10, 11] . In our setting, we achieved statistically significant shortening of the operating time and length of hospital stay together with recovery time of GI function for patients with primary closure versus those with T-tube drainage. These data indicated primary closure following laparoscopic common bile duct reexploration for the patients with prior biliary surgery was also feasible choice. In our opinion, the indications for laparoscopic bile duct reexploration following primary closure are similar as LCBDE [12] : (1) Presence of choledocholithiasis without evidence of intrahepatic bile duct stones; (2) diameter of the CBD is >1 cm; (3) little inflammation or edema in the wall of CBD or sphincter of Oddi; (4) ensure all CBD stones are retrieved totally.
The major concern that has prevented surgeons from using a laparoscopic approach when performing a repeated biliary tract surgery was the risk of injury to organs. Especially, bile duct injury remains the most serious complication of biliary surgery. Thus, preoperative imaging studies were important, especially magnetic resonance cholangiopancreatography (MRCP). MRCP is well recognized to have high sensitivity and specificity (over 90 %) for the detection of CBD stones [13, 14] . In addition, it provides excellent anatomic detail of the biliary tract, the number, size, and location of stones. In the present study, all of the 50 patients have been performed Btype ultrasonography, MRCP, or CT, which were critical to reduce the risk of bile duct and vessel injury.
Careful anatomy and good separation techniques were also important to prevent organ damage. By using Harmonic ® to dissect adhesions, the operative time can be reduced, thus decreasing blood loss. Once the porta hepatis has been explored, dense adhesions are usually found during reoperation in the healed fossa and near the common bile duct. In many cases, the upper edge of the duodenum is tented sharply cephalad into the hepatic hilum. In our opinion, the upward duodenum could be regard as a critical Blandmark.^The CBD always lies beneath the upward duodenum (Fig. 1) . When the duodenum was detached down from the hepatic hilum, the CBD can be identified by touching the stones or needle aspiration of bile.
Biliary complication is a major criterion for measuring the safety of LCBDE with primary closure, the two major concerns were late bile duct stricture and bile leak [11] . Bile duct stricture following LCBDE was rare but with poor prognosis and regardless of whether the duct was explored via the transcystic or the trans-CBD route [15] . Extrahepatic bile duct is a fibromuscular duct and repaired mainly through fibrous scar tissue healing. Excessive suture was the main reason for bile duct stricture [16] . We have no postoperative biliary strictures among 50 patients at a mean follow-up for 18 months. In our opinion, meticulous mucosa-to-mucosa suturing of the bile duct and appropriate patient selection were the effective measures to reduce postoperative biliary stricture complications.
Comparing bile duct stricture, the prognosis of bile leak was much better. In our study, we observed a small volume of bile was drained from the drainage tubes in many patients (about over 60 %) during the first 3 days. The patients often have no clinical symptoms such as abdominal pain, fever, anorexia, nausea, and vomiting. As long as keeping effective drainage, the bile leakage could generally phase out. These cases were diagnosed subclinical bile leaks. But if with persistent abundant drainage and clinical symptoms, it should be diagnosed clinically significant bile leakage. We experienced three (6.7 %) clinically significant bile leakage. This is comparable to the bile leak rates of 2.0-4.5 % reported by others [12] . Fortunately, the transudative bile was completely drained by the suction catheter without localized or extensive peritonitis. All of these patients were treated by drainage and recovered without reoperation. The main reasons for bile leak might be (1) moderate edema of the wall of the CBD and the sphincter of Oddi and (2) repeated puncture bile duct wall lead to pinhole leak.
Sophisticated suturing skill is importance to prevent postoperative bile leakage or stenosis. In our last study, we recommend (1) interrupted suture with absorbable 4/0 sutures, which may reduce the recurrence of stones and stenosis of the CBD. (2) Avoided repeated puncture bile duct wall, and, the pitch and margins were about 2 mm and 1.5 mm respectively. The suture properly tightened to just close bile duct wall. (3) Put effective drainage tubes in subhepatic section and near the choledochotomy site. (4) Intraoperative endobiliary stent placement is an effective way to reduce bile leakage [3, 16] . During the conservative treatment process, if the volume of bile in the drain had increased and choledochotomy site patients started to develop signs of extensive biliary peritonitis, they would undergo another laparoscopic operation. Additional sutures would be needed if there is a leak from the choledochotomy site [17] .
Stone clearance and recurrence rate are important followup indicators to determine the long-term efficacy of surgery. There was no recurrent stone in the primary closure group (group A). This may be due to the preoperative patient optimization and sample size. Large sample, prospective studies are required to further confirmed. Two cases in group B were verified residual or recurrent stones after one month and suffered from two to three times removing stones by choledochoscope through the sinus tract of the T tube. The reasons may be the following: (1) The CBD stones were not removed fully. Actually, in our country, patients suffering from choledocholithiasis differ from western patients in the high incidence of intrahepatic duct stones .It is difficult to remove all of the stones during the operation. (2) The two people underwent prior open common bile duct exploration followed T-tube drainage. MRCP showed bile angular deformity, Pavel et al. [18] reported oblique common bile duct defines a new entity of bile duct abnormality, which is associated with chronic cholestasis, hampers an efficient stone removal and predisposes to recurrence of bile duct stones. In our opinion, if multiple CBD stones and obvious inflammation or edema in the wall of CBD were found during intraoperative, choledochoscope combining with cholangiography might improve stone clearance rate. T-tube drainage should best be performed.
In summary, primary closure following laparoscopic common bile duct reexploration for the patients who underwent prior biliary operation has a reasonable operating time, low intraoperative and postoperative complication rate, and short postoperative hospital stay. Given these results, it appears to be a minimally invasive, safe, feasible, and effective procedure when done by expert laparoscopic surgeons.
